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(54) Plasma reactor 

(57) The disclosure relates to a gas injection appa- 
ratus for injecting gases into a plasma reactor vacuum 
chamber having a chamber housing (10). a pedestal 
holding a workpiece to be processed, means for applying 
RF energy into the chamber, the gas injection apparatus 
having a gas supply containing an etchant species in a 
gas, an opening in the chamber housing, a gas feed line 
(15). from the supply to the opening in the chamber hous- 
ing, and gas distribution apparatus near the opening in 
the chamber housing, the gas feed apparatus having at 
least one slit nozzle (25) facing the interior of the cham- 
ber. In a preferred embodiment, the gas distribution 
apparatus includes a disk member (20a) sunrounded by 



at least one annular member (35a) with a gap (25) ther- 
ebetween comprising the slit nozzle, the disk member 
and annular member blocking gas flow through the open- 
ing in the chamber housing. Preferably, each of the mem- 
bers of the gas distribution apparatus comprises a 
material at least nearly impervious to attack from the 
etchant species. In one example, each of the members 
of the gas distribution apparatus comprises one of 
ceramic, quartz, sapphire, polyimide or anodized alumi- 
num and the gas feed line comprises stainless steel. 
Preferably, each of the members has its surface polished 
prior to assembly of the gas distribution apparatus. 
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Description 

The invention is related to plasma reactors for 
processing semiconductor integrated circuit wafers and 
specifically to improvements In the gas injection and dis- 5 
tribution apparatus employed In such reactors. 

A plasma reactor for processing semiconductor inte- 
grated circuit wafers, such as a metal etch reactor, typi- 
cally includes a vacuum chamber, a pedestal for 
supporting the wafer in the chamber, a plasma RF power io 
source and a gas injection source for supplying gases 
through the top of the chamber and a gas distribution 
plate near the chamber ceiling for distrit)uting the incom- 
ing gases in a uniform manner. If the reactor is an induc- 
tively coupled reactor, then it can include a coil antenna is 
around the chamber connected to the plasma RF power 
source, and the wafer pedestal can be connected to a 
bias RF power source. In other types of plasma reactors 
(such, for example, a reactive ion etch reactor), there is 
no coil antenna and the plasma RF power source is con- 20 
nected to the wafer pedestal. For plasma etch proc- 
esses, the Incoming gas includes an etchant species 
such as chlorine and/or boron tri-chloride, for example. 
The gas distribution plate is typically a flat plate covering 
the reactor chamber ceiling about 1 00-1 50 mils thick with 25 
about one hurxlred holes or orifices therethrough, each 
hole being no more than about 20-30 mils in diameter in 
order to prevent penetration of the plasma Into the holes. 
The backside or top surface of the gas distribution plate 
Is coupled to a gas injection source or port which extends 30 
through the chamber top or lid while the front side faces 
downwardly toward the chamber interior and the wafer. 

The gas distribution plate must be fairly large to pro- 
vide a reasonably uniform gas distribution within the 
chamber and to provide a means of controlling the elec- 35 
trical potential at the top of the reactor chamber. Typi- 
cally, the gas distribution plate is a ground jpAane. For this 
purpose, the gas distribution plate must be made of a 
conductive material such as aluminum. 

The basic problem with such a gas distribution plate 40 
is that it is subject to corrosion from the gases introduced 
through it into the reactor chamber. The gas distribution 
plate front surface is directly exposed to the plasma 
within the chamber and is therefore susceptible to attack 
therefrom. The gas distribution plate back surface is cou- 45 
pled to the gas supply inlet and the gases contacting the 
back surface are at a relatively high pressure due to the 
back pressure caused by the small size of the orifices or 
holes through the gas distribution plate. This high back 
pressure increases the rate at which the gas distribution so 
plate back surface is corroded. In order to minimize such 
corrosion, the gas distribution plate is anodized to pro- 
vide an aluminum oxide film on its surface. Unfortunately, 
in etch reactors enploying mixtures of chlorine and 
boron tri-chloride gases, the boron tri-chlorlde etches the ss 
anodized surface (the aluminum oxide film) while the 
chlorine etches the aluminum underneath to undermine 
the aluminum oxide film. 
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Such problems are particularly acute at the orifices 
or holes through the gas distribution plate. In order to 
prevent a plasma glow from forming in the holes and 
behind the ptate, the diameters of these holes cannot 
exceed the plasma sheath thickness, which is approxi- 
mately 20-30 mils. Such small holes must be either 
drilled mechanically or by a laser, either of which forms 
a hole with sharp edges and roughens the Interior sur- 
face of each hole. The sharp edges around each hole 
and the rough interior surfaces of each hole are eroded 
by the flow of chlorine and trichloride gases. If the gas 
distribution plate is anodized, cracks in the anodization 
are difficult to avoid at the sharp edges of the holes. At 
these edges, the anodization is susceptible to erosion 
due to gas flow and corrosion due to penetration of etch- 
ant gases into the anodization cracks and etching of the 
underlying aluminum. All such erosion and corrosion cre- 
ates particle contamination which can lead to fatal 
defects in the integrated circuits on the wafer being proc- 
essed in the chamber. In an effort to reduce such prob- 
lems, the gas distribution plate hole edges may be routed 
and the hole interior surfaces and edges may be honed 
with a diamond powder. However, such efforts merely 
reduce the magnitude of the problem but do not solve 
the problem. 

In view of the foregoing problems, one limitation of 
such plasma reactors has been that the gas distribution 
plate typically can only be used for two complete process 
cycles of the reactor, a new gas distribution plate being 
required thereafter. (The term "process cycle" as used 
herein refers to the time between successive chamber 
cleaning operations.) This avoids many of the foregoing 
problems but greatly increases the unproductive "down" 
time and capital costs or expenditures incurred while 
operating such a plasma reactor. Furthermore, 
enhanced corrosion of the top or lid behind (or above) 
the gas distribution plate is often observed. 

Another problem with such reactors, particularly 
etch reactors. Is that the etch rate near the wafer periph- 
ery is much greater than the etch rate near the wafer 
center. This is due at least in part to the fact that the etch- 
ant species are being consumed at a maximum rate near 
the wafer and may therefore be scarce in the region near 
the wafer center, while little or no consumption of etchant 
species occurs beyond the edge of the wafer so that a 
plentiful supply of etchant species exists just beyond the 
wafer periphery capable of sustaining very high etch 
rates near the wafer periphery. The etch rate aaoss the 
wafer diameter may be rendered less non-uniform by 
providing for a greater gas flow through the gas distribu- 
tion plate over the wafer center and a lesser gas flow over 
the wafer periphery. This is accomplished by providing 
more orifices or holes per unit area in the gas distribution 
plate over the wafer center and less over the wafer 
periphery Etch rate uniformity across the wafer diameter 
to within 5 percent has been achieved, and is satisfac- 
tory 

One technique for further enhancing the uniformity 
of the etch rate across the wafer diameter Is to provide 
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a so-called focus ring, which may be an annular vertical 
high wall up to several centimeters in height surrounding 
the wafer periphery. This wall or focus ring stops or 
retards the replenishment of etchant species at the wafer 
periphery. s 

The invention is provided in a gas Injection appara- 
tus for injecting gases into a plasma reactor vacuum 
chamber having a chamber housing, a pedestal holding 
a workpiece to be processed, means for applying RF 
energy Into the chamber, the gas injection apparatus io 
having a gas supply containing an etchant species in a 
gas. an opening in the chamber housing, a gas feed line 
from the supply to the evening in the chamber housing, 
and gas distribution apparatus near the opening in the 
chamber housing, the gas feed apparatus having at least is 
one slit nozzle feeing the interior of the chamber. In a 
preferred embodiment, the gas distribution apparatus 
includes a disk member surrounded by at least one 
annular member with a gap therebetween comprising 
the slit nozzle, the disk member and annular member 20 
blocking gas flow through the opening in the chamber 
housing. Preferably, each of the members of the gas dis- 
tribution apparatus conrprises a material at least nearly 
impervious to attack from the etchant species. In one 
example, each of the members of the gas distribution 25 
apparatus comprises ceramic and the gas feed line com- 
prises stainless steel. Preferably, each of the members 
has its surface polished prior to assembly of the gas dis- 
tribution apparatus. 

The following is a description of some specific 30 
embodiments of the invention, reference being made to 
the accompanying drawings in which: 

FIG. 1 A is a cross-sectional view of the ceiling of a 
plasma reactor including a first embodiment of a gas 35 
distribution slotted nozzle of the present invention. 

FIG. IB is a cross-sectional view of the ceiling of a 
plasma reactor including a second errtoodiment of a 
gas distribution slotted nozzle of the present inven- 40 
tion. 

FIG. 1 C is a cross-sectional view of the ceiling of a 
plasma reactor including a third emtxxliment of a 
gas distribution slotted nozzle of the present inven- 45 
tion. 

FIG. 1 D is a cross-sectional view of an embodiment 
corresponding to FIG. 1C but having a vertical slot- 
ted nozzle. 50 

FIG. 2 is a cross-sectional view of the ceiling of a 
plasma reactor including a fourth eml>odiment of a 
gas distribution slotted nozzle of the present inven- 
tion. 55 

FIG. 3 is a cross-sectional view of the ceiling of a 
plasma reactor including a fifth embodiment of a gas 
distribution slotted nozzle of the present invention. 



FIG. 4A is a cross-sectional view of the ceiling of a 
plasma reactor including a sixth embodiment of a 
gas distribution slotted nozzle of the present inven- 
tion. 

FIG. 4B is a cross-sectional view of an embodiment 
con-esponding to FIG. 4A but having vertical slotted 
nozzles. 

FIG. 5 is a perspective exploded view of a portion of 
the gas distiibution slotted nozzle of FIG. 4A. 

FIG. 6A is a cross-sectional view of the ceiling of a 
plasma reactor including a seventh embodiment of 
a gas distribution slotted nozzle of the present inven- 
tion. 

FIG. 6B is cross-sectional view of an embodiment 
corresponding to FIG. 6A but having vertical slotted 
apertures. 

FIG. 7A is an enlarged cross-sectional view of a top- 
inserted version of a single slot "in-lid" embodiment 
of the invention corresponding to FIG. 1C. 

FIG. 7B is an enlarged cross-sectional view of a top- 
inserted version of a single slot ^'in-lid" embodiment 
of the invention corresponding to FIG. 1 D. 

FIG. 7C is a cross-sectional view of a two-siit version 
of the embodiment of FIG. 7A. 

FIG. 7D is a cross-sectional view of a two-slit version 
of the embodiment of FIG. 78. 

FIG. 7E is a cross-sectional view of a three-slit ver- 
sion of the emtKxIiment of FIG. 7C. 

FIG. 7F is a cross-sectional view of a three-slit ver- 
sion of the emtxxjiment of FIG. 7D. 

FIG. 7G is a perspective view of a central disk of the 
blocking plate assembly in the embodiment of FIG. 
7D. 

FIG. 8 is a cross-sectional view of nearly an entir 
plasma reactor in which the embodiment of FIG. 7A 
is installed. 

FIG- 9 is a graph illustrating etch rate uniformity 
across the wafer surface as a function of the diam- 
eter of the gas distribution slotted nozzle of FIG. 78. 

FIG. 10 is a graph illustrating the effect on etch rate 
uniformity across the wafer surface of the combina- 
tion of plural slotted nozzles of different diameters. 

FIG. 1 1 is a graph comparing etch rates across tiie 
wafer surface with the focus ring (white square 
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curve) and without the focus ring (black square 
curve). 

FIG. 12 is a bottom view of a circular slotted nozzle 
in accordance with one aspect of the invention. 

FIG. 13 is a bottom view of a slotted nozzle in 
accordance with a further aspect of the invention 
consisting of plural discrete arcuate sections, 

FIG. 14 is a bottom view of a slotted nozzle in 
accordance with a yet further aspect of the invention 
having a meandering curved shape divisible into plu- 
ral arcuate sections. 

FIG. 15 illustrates how the slotted nozzle of FIG. 14 
may be segmented and how the segments may be 
oriented relative to external magnets of an ER-RIE 
plasma reactor. 

The invention replaces the conventional flat gas dis- 
tribution plate (i.e., a showerhead or perforated plate) 
having piural gas injection orifices therethrough near the 
chamber ceiling. The invention is a gas distribution appa- 
ratus in or on the chamber lid or ceiling. In a first embod- 
iment of the invention illustrated in FIG. 1 A. the reactor 
chamber top wall or lid 10 has a gas injection passage 
15 therethrough. A disk-shaped blocking plate 20a sus- 
pended and spaced from the lid 10 forms a circular slot- 
ted aperture or nozzle 25 between a circular ridge 20a' 
of the blocking plate 20a and the ceiling surface 10a of 
the chamber lid 10. In general, the blocking plate 20a is 
a solid symmetrical element having its axis of symmetry 
approximately centered with respect to the injection pas- 
sage 15 so as to uniformly disperse the gas flowing from 
the injection passage 15. The blocking plate 20a is suf- 
ficiently close to the lid 10 so that the aperture 25 is a 
long thin and preferably continuous opening. A symmet- 
rical annular reflector 35a attached to the ceiling surface 
10a is centered relative to and sun-ounds the plate 20a 
so as to focus the gas injected through the circular aper- 
ture 25 toward the center of the chamber in order to 
enhance the etch rate near the wafer center. 

In a second embodiment illustrated in FIG. 1 B, the 
size of the entire gas injection apparatus is reduced by 
employing the disk-shaped blocking plate 20b of reduced 
diameter and enrploying the annular reflector 35b of 
reduced diameter. In the embodiment of FIG. 1A. the 
annular reflector 35a has an inner surface 36a disposed 
at an obtuse angle relative to the blocking plate 20a. 
while in the embodiment of FIG. 1 B the annular reflector 
35b has an inner surface 36b disposed at an acute angle 
relative to the blocking plate 20 for greater focusing of 
the injected gases toward the wafer center. In the embod- 
iments of FIGS. 1A and IB. the gas injection port 15 is 
centered with respect to the chamber and lid 10. 

A third embodiment of the invention is illustrated in 
FIG. 1 C. In this embodiment, the entire gas injection 
apparatus is contained within the lid 10 and consists of 



a gas passage liner 40 including a cylindrical upper liner 
42 forming a cylindrical tpp passage 43. an annular inter- 
mediate liner 44 extending radially outwardly from the 
base of the cylindrical upper liner 42, and an inverted 
5 truncated conical annular bottom liner 46 extending from 
the edge periphery of the annular intermediate liner 44 
to the ceiling surface 10a of the lid 10. An inverted trun- 
cated conical center disk 50 is fastened in place in the 
interior space surrounded by the twttom liner 46 and is 
10 congruent therewith. The disk 50 is spaced from the 
intermediate liner 44 to form a horizontal flat disk-shaped 
gas manifold 55. Furthermore, the disk 50 is spaced from 
the bottom liner 46 to form a conical annular shaped slot- 
ted aperture 60 which serves as the gas injection nozzle. 
15 The conical angle at which the slotted aperture 60 is dis- 
posed does not necessarily have to be the angle 
depicted in FIG. 1 C. It is selected to provide an optimum 
uniform distribution of etch rate across the wafer surface. 
For example, the angle can be selected to bias the gas 
20 distribution toward the center of the wafer to compensate 
for the usual tendency of plasma etch processes to have 
a lower etch rate at the center of the wafer. Overall, proc- 
ess conditions and hardware parameters in addition to 
the nozzle design impact etch rate uniformity, so the slot- 
25 ted aperture 60 can be vertical (as in the embodiment of 
FIG. 1 D referenced below) or angled inwardly or angled 
outwardly with respect to its central axis. 

FIG. 1D illustrates a fourth embodiment, which is 
identical to the embodiment of FIG, 1C except that the 
30 slotted aperture is vertical and the annular bottom liner 
46 and center disk 50 are cylindrical rather than conical. 
FIG. 1 D is a preferred embodiment. 

An advantage of the invention is that the interior sur- 
faces of the nozzle passages, including the interior sur- 
35 faces of the manifold 55 and the interior surface of the 
slotted aperture or nozzle 60, are free of surface defects 
and therefore are not subject to con-osion or erosion. 
This is because the liner 40. including its constituent ele- 
ments 42. 44. 46. and the center disk 50 are manufac- 
40 tured and machined as separate pieces prior to 
assembly of the gas distribution apparatus. Thus, the 
interior surfaces are. during manufacturing, exterior sur- 
faces of the separate pieces 40 (including 42. 44, 46) 
and 50. Accordingly external polishing procedures are 
45 employed to achieve a defect-free smooth surface on 
each piece. This solves one aspect of the problem of con- 
tamination from erosion or corrosion of gas passage 
internal surfaces. 

Another advantage of the invention is the small size 
50 or diameter of the gas distribution apparatus relative to 
the wafer diameter, particularly in the case of the pre- 
ferred embodiment of FIG. 1 D. Because of its small radial 
extent, the gas distribution apparatus, including the liner 
40 and the center disk 50, need not be formed of a con- 
55 ductor material. As long as the lid 1 0 is a conductor, it is 
not necessary that the small gas distribution apparatus 
of FIG. 1 D be a conductor to provide a ground plane at 
the top of the chamber. Therefore, it is preferable that the 
gas distribution apparatus including the liner 40 and the 
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center disk 50 be formed of a material impervious to 
attack by the plasma or etchant species in the gas 
injected into the plasma. A preferred material is ceramic 
or an insulator such as quartz. As a result, the gases to 
be injected (such as chlorine or boron trichloride in the 5 
case of an etch reactor) never contact aluminum on their 
way into the reactor chamber. Specifically, the gas feed 
line 65 to the cylindrical injection passage 43 is stainless 
steel, so that the injected gases contact either the steel 
material of the gas feed line 65 or the quartz or ceramic 
material of the liner 40 and center disk 50. The foregoing 
features, including the external polishing of the liner 40 
and center disk 50 surfaces and the use of materials 
such as ceramic or quartz, eliminate the problem of con- 
tamination due to corrosion and erosion of gas distribu- 
tion materials. 

FIG. 2 Illustrates an embodiment conresponding to 
FIG. 1 A. but without the reflector 35a. The embodiment 
of FIG. 2 was found to provide a deviation in metal etch 
rate uniformity across a 200 mm diameter wafer surface 
not exceeding about 20%, uniformity being defined 
herein as [(max-min)/2*average]. 

FIG. 3 illustrates a modification of the embodiment 
of FIG. 2 in which a disk-shaped injection manifold floor 
67 having a center gas outlet 67a therethrough is 
attached to the bottom of the lid 1 0 by a truncated conical 
annulus 68. The blocking plate 20b (from FIG. 1 B) faces 
the bottom of the gas outlet so as to uniformly disperse 
gases emanating from the gas outlet 67. The embodi- 
ment of FIG. 3 was found to provide a deviation in metal 
etch uniformity across the wafer surface not exceeding 
about 9%. 

FIG. 4A illustrates another preferred embodiment of 
the invention having a blocking plate assembly 69 con- 
sisting of a parallelogramic annulus 70 and a smaller 
truncated conical center disk 75 (similar to the center 
disk 50 of FIG. 1C) within the annulus 70, and an outer 
annulus 77. forming two concentric circular slotted 
inwardly-angled apertures or nozzles 80, 85. FIG. 4B 
illustrates a modification to the embodiment of FIG. 4A 
in which the slotted apertures 80. 85 are vertical and the 
disk and annuli 75, 70. 77 are cylindrical. FIG. 5 illus- 
trates the blocking plate assembly 69 of FIG. 4A prior to 
assembly at a point at which all of the interior gas nozzle 
passages are exterior surfaces of the separate pieces 
70» 75, 77. which are polished separately for defect-free 
surfaces. The separate pieces 70. 75, 77 may be held 
together by radial spokes 96. the outer piece 77 being 
fastened by bolts 95. 97 to the lid 10. as will now be 
described. For this purpose, an injection manifold floor 
100 is attached to the lid 10 about an opening 110 
through the lid providing access to the passages 80, 85. 
A recessed ceiling 1 20 in the lid 1 0 and the injection man- 
ifold floor 1 00 form a gas injection manifold 1 25 over the 
passages 80. 85. The bolts 95. 97 are screwed into 
threaded holes in the floor 100. 

FIG. 6A illustrates an expansion of the concept of 
FIG. 4A In which the blocking plate assembly 69 is mod- 
ified to include a pair of concentric parallelogramic annuli 
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72. 74. providing three circular slotted apertures or noz- 
zles 80. 85, 90 angled inwardly toward the center. In this 
embodiment, all of the pieces are co-planar with thef loor 
100. FIG. 68 illustrates an emtxxJiment corresponding 
to FIG. 6A but having vertical slotted apertures 80. 85, 
90. 

FIG. 7A is an enlarged view of an embodiment 
which, like that of FIG. 1C. has a single slotted aperture 
60, and is contained entirely within the lid 10, thereby 
eliminating any need for an attached floor (such as the 
floor 100 of FIG. 4A) and presenting a flush surface 
toward the interior of the reactor chamber, a significant 
advantage. The embodiment of FIG. 7A is a modular 
self-aligning assembly and requires fewer parts. Each 
element of the assembly is polished prior to assembly. 
Also, the liner element 46 is supported by a ledge 91 
machined around an opening through the lid 10, which 
allows installation without removing the lid 10, makes 
sealing easier, and can more easily accommodate the 
pressure differential between arrdDient and the vacuum 
chamber. Furthermore, the embodiment of FIG. 7A 
requires no fasteners on the chamber side of the sealing 
surfaces. A significant advantage is that the modular 
construction of the gas distribution apparatus of FIG. 7A 
requires no drilling of gas passage holes, even though it 
succeeds in providing gas flow nozzles or slotted aper- 
tures with a width less than the plasma sheath thickness. 
In the absence of any necessity of drilling small holes, 
crystalline materials such as quartz or sapphire may be 
employed, if desired. Such crystalline materials, if cho- 
sen, are highly suitable in corrosive gas environments. 

FIG. 7A shows how the gas distrtoution apparatus 
is bolted with an exterior mounting ring 137 to the lid 10 
and how Oring seals 1 40 are employed to block gas flow 
along undesirable paths. The slotted aperture 60 is 
between about 20-30 mils wide. FIG. 78 is an enlarged 
view of one implementation of the embodiment of FIG. 
7A, having a vertical gas exit flow (slotted aperture 60). 
FIG. 78 is also a pretended embodiment. 

FIG. 7C is a cross-sectional view of a two-slit version 
of the embodiment of FIG. 7A and employs the truncated 
conical center disk 75 and truncated conical annulus 70 
of FIG. 4A to form the two slotted apertures 80. 85 
extending at an angle relative to the axis of symmetry 

FIG. 7D is a cross-sectional view of a two-slit version 
of the embodiment of FIG. 78, in which the disk 75 and 
annular member 70 are cylindrical and are each con- 
tained within the lid 10, the inner and outer slotted aper- 
tures 80. 85 extending vertically or parallel to the axis of 
symmetry of the disk and annulus 75. 70. An outer ring 
1 45 surrounds the outer slotted aperture 85. The annular 
member 70 of FIG. 7D comprises a pair of annular mem- 
bers 70a, 70b. In a preferred implementation, the pair of 
annular members 70. 70b may be formed as a single 
integral member, eliminating the seal between them. In 
the embodiment of FIG. 7D. the outer ring 145 is L- 
shaped so that it rests on the ledge 91 . The annulus 70 
(70b) has plural circumferentially spaced ears 150 
extending radially outwardly from its outer circumference 
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and nesting in a ledge in the inner circumference of the 
outer ring 1 45, the ears 1 50 there supporting the annulus 
70. The ears 150 on the annulus transfer the weight of 
the annulus 70 to the outer ring 1 45. Likewise, the center 
disk 75 is supported by plural circumferentially spaced 
ears 150 extending from its outer circumference and 
nesting in slots 155 in the annulus 70. The spaced ears 
150 form gaps 165 (illustrated in FIG. 7G) therebetween 
so that the ears 1 50 do not prevent gas flow through the 
gas flow passages 80, 85. (It should be noted that the 
feature of the ears 150 nesting in slots 155 described 
here with reference to FIG. 7D is also employed in the 
embodiment of FIG. 7B.) Conventional O-rings 140 pro- 
vide seals to restrict gas flow to the slotted apertures 80, 
85 and maintain vacuum integrity for the chamber. A gas 
manifold 1 70 formed between the mounting ring 1 37 and 
the top surfaces of the gas distribution hardware receives 
gas from the gas inlet supply passage 275, the gas flow- 
ing out of the manifold 1 70 through the slotted apertures 
80, 85 to the interior of the reactor chamber. In a pre- 
ferred implementation of the emttodiment of FIG. 7D, the 
annular members 70a. 70b, the disk 75 and the outer 
ring 1 45 may be polyimide but are preferably ceramic and 
about 1 .2 cm thick. The lid 10 was formed of aluminum 
anodized on the bottom surface facing the reactor cham- 
ber. In general, the structure defining the slotted aper- 
tures, including the annular members 70, disk 75 and 
ring 1 45 may be formed of any of the following materials: 
ceramic, quartz, sapphire, polyimide and anodized alu- 
minum. The flange or mounting ring 137 was formed of 
stainless steel and the O-rings 140 were of a conven- 
tional type suitable for use with corrosive gases. The 
combination of stainless steel mounting ring 137/supply 
passage 275 and ceramic or quartz slotted apertures 80, 
85 provides a gas distrilxjtion structure having no alumi- 
num and which is therefore much more resistant to attack 
from conrosive gases. The slotted apertures 80. 85 were 
0.5 mm gaps. 

FIG. 7E illustrates a three-slot version of the embod- 
iment of FIG. 7C and is identical in most respects with 
the exception of the replacement of the annular member 
70 with the inner and outer annular members 72, 74. FIG. 
7F illustrates a three-slot version of the embodiment of 
FIG. 7D and is identical in most respects with the excep- 
tion of the replacement of the annular members 70a, 70b 
with the inner and outer annular members 72a, 72b. 74a. 
74b. The pair of annular members 72a and 72b may be 
combined as a single integral member (eliminating the 
seal between them) and, similarly, the pair of annular 
members 74a, 74b may be combined as a single integral 
member. 

The embodiment of FIG. 7B has been tested in a 
production environment. Approximately 12,000 six-inch 
diameter wafers were processed using a ceramic version 
of the embodiment of FIG. 7B, after which the plasma 
reactor chamber showed no signs of significant particle 
contamination increase, particle contamination levels 
remaining within acceptable process limits. Visual 
inspection of the slit nozzle parts showed no signs of 



degradation or wear due to exposure to the corrosive 
etch chemistry Furthermore, the anodized chamber side 
of the lid surrounding the slit nozzle showed no signs of 
wear or conrosion. In comparison, for chambers 

5 equipped with a conventional gas distribution plate, the 
gas distribution plate typically shows enough wear or 
degradation to require replacement after processing of 
only 5.000 wafers. This comparison demonstrates the 
longer life and lower cost of consumable materials real- 

ro ized in the present invention relative to conventional gas 
distribution plates currently employed in typical plasma 
reactor chambers. 

FIG. 8 illustrates a plasma reactor having the gas 
distribution apparatus of FIG. 7A. The lid 10 is part of a 

15 cylindrical chamber housing 200 containing a wafer ped- 
estal 210 supporting a semiconductor wafer 220 which 
is to be processed. An RF coil antenna 230 wrapped 
around the reactor chamber housing 200 is powered by 
a matched RF source 240, constituting the plasma 

20 source power. A bias RF power source 250 controlling 
the ion bombardment energy is connected to the wafer 
pedestal 210. However, other RF power source configu- 
rations may be employed. For exarrple, a magnetically 
enhanced reactive ion etch apparatus can be employed 

25 in which the RF antenna coil and RF source are replaced 
with electromagnetic coils and the RF power is input only 
to the wafer pedestal 21 0. A vacuum pump 260 and throt- 
tle valve (not shown) control the chamber interior gas 
pressure. A gas supply 270 is connected through a steel 

30 inlet tube 275 to the gas distribution manifold 55 of the 
gas distribution apparatus. 

FIG. 9 illustrates how the diameter of the slotted 
aperture nozzle 60 of FIG. 7B can be varied to select a 
desired etch rate distribution across a 150 mm diameter 

35 wafer. FIG. 9 shows the average etch rate as a function 
of radial position normalized to the etch rate at the center 
of the wafer. The etch rate at the middle and edge 
increases relative to the center as the diameter of the 
slotted nozzle is increased from 2.5 cm (dotted line 

40 curve) to 3.3 cm (dashed line curve) and then to 3.7 cm 
(solid line curve). In an implementation con^esponding to 
FIG. 6B but with a single circular slit, increasing the noz- 
zle diameter from 1 .8 cm, to 2.5 cm and then to 3.1 cm 
provided respective deviations In etch rate uniformity 
45 across the wafer diameter of 24%, 1 2% and 8%. respec- 
tively. 

FIG. 10 illustrates the etch rate distribution aaoss a 
200 mm diameter wafer for a double slit configuration. 
The data in FIG. 10 correspond to the embodiment of 

50 FIG. 7D. The slits 85. 80 were 4 inches (10 cm) and 1 .5 
inches (3.7 cm), respectively, in diameter. Three tests 
were performed by blocking, respectively, the 3.7 cm slit 
only (solid line curve), the 10 cm slit only (dotted line 
curve) and by blocking neither slit (dashed line curve). 

55 Consistent with FIG. 9, the etch rates at the middle and 
edge of the wafer increase relative to the center of the 
wafer as the slit diameter is increased. Furthermore, the 
etch rate distribution across the wafer with the double slit 
configuration lies between those for the single slit runs. 
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In summary, the data of FIGS. 9 and 10 shows that the 
etch rate variation from center to the outer middle region 
of the wafer (i.e.. from 0 to 40 mm radial position for 1 50 
mm wafers and from 0 to 60 mm radial position for 200 
mm wafers) can be minimized by adjusting the slit diam- 5 
eter(s). The present invention provides etch rate uniform- 
ity on a par with that of conventional gas distribution 
apparatus while providing far greater advantages in 
resistance to corrosion and ease of assembly, as will be 
discussed below. 10 

Referring again to FIG. 8, in order to decrease or 
control the etch rate near the wafer periphery, a focus 
ring 278 may be added surrounding the wafer periphery. 
The focus ring reduces the flow of etchant species 
across the chemical boundary separating the plasma is 
region over the wafer center having a scarcity of etchant 
species ions and the plasma region beyond the wafer 
periphery having a plentitude of etchant species ions. 
FIG. 1 1 illustrates how the addition of the focus ring 
reduces the etch rate near the periphery of a 200 mm 20 
diameter wafer from a high rate of about 860 nm/min 
(black square curve) to a low rate of about 720 nm/min 
(white square curve). The fact that the focus ring strongly 
modulates the etch rate at the wafer periphery implies 
that etch rate variation across the wafer can be mini- 25 
mized by judicious selection of nozzle diameter(s) com- 
bined with focus ring height. 

Overall, etch rate uniformity comparable to that 
achieved with conventional gas distribution plates has 
been demonstrated with the present invention, while pro- 30 
viding far greater advantages in resistance to corrosion. 
As mentioned hereinabove, conventional gas distribution 
plate are typically designed with more orifices per unit 
area over the wafer center to enhance the etch rate at 
the wafer center. An advantage of the present invention 35 
is that, despite having a very small number of slotted 
aperture nozzles (compared to the large number of small 
orifices in a conventional gas distribution plate), it inher- 
ently delivers sufficient gas over the center of the wafer 
to achieve the same etch rate uniformity. 40 

FIG. 12 is a bottom view of the circular slotted aper- 
ture nozzle 60 of FIG. 1C. FIG. 13 illustrates how the noz- 
zle 60 may be segmented into discrete arcuate sub- 
sections 60a-60d. while FIG 1 4 illustrates how the nozzle 
60 can follow a mearxJering arcuate path 140 having a 45 
portion 150 thereof deleted, rather than a circular path. 
FIG. 15 illustrates how the embodiment of FIG. 14 can 
be segmented into separate arcuate sub-sections. The 
emtKxiiments of FIGS. 13-15 could be useful for appli- 
cations in magnetically enhanced reactive ion etch (ME- so 
RIE) reactors in which the corners between adjacent 
external magnets of the reactor have somewhat higher 
magnetic fields and therefore higher etch rates with a 
uniform etchant gas distribution. This non-uniformity can 
be compensated by aligning the gaps between adjacent ss 
sections 60a-60d of the slotted aperture nozzle 60 over 
the regions of high magnetic field density. In the case of 
an ME-RIE plasma reactor, such an alignment is shown 
in FIG. 15 by indicating in dashed line tiie relative orien- 



tation of the four external magnets 200a-200d of the 
reactor with reference to the four discrete nozzle sections 
60a-60d. rt is currentiy fell that such fine tuning of etch 
rate uniformity is not necessary. 

In the embodiments of FIGS. 1C. 1D, 7A and 7B 
employing a single slotted aperture 60. the aperture 
diameter is generally in the broad range of 0.5 inches 
(1.2 cm) to 6.0 inches (15 cm), although the preferred 
range is 1.0 inches (2.5 cm) to 2.0 inches (5.0 cm). In 
the embodiments of FIGS. 4A. 4B, 7C and 7D employing 
a pair of slotted apertures 80, 85, the outer slotted aper- 
ture diameter is generally in the broad range of 3.0 
inches (7.5 cm) to 6.0 inches (15 cm) with the preferred 
diameter being about 4.0 inches (10 cm), and the inner 
slotted diameter is generally in the broad range of 0.5 
inches (1 .2 cm) to 2.0 inches (5.0 cm) with the preferred 
diameter being about 1 .5 inches (3.7 cm). In the embod- 
iments of FIGS. 6A, 6B, 7E and 7F employing three slot- 
ted apertures 80. 90, 85, the aperture diameters in one 
example may be on the order of about 0.3 inch (0.8 cm), 
1 .0 inch (2.5 cm) and 1 .25 inches (3.0 cm), respectively, 
or, alternatively, 4 inches (10 cm). 2.5 inches (6.3 cm) 
and 1 inch (2.5 cm), respectively 

Advantages of the Invention: 

The invention provides a combination of advantages 
over conventional gas distribution plates. Because it is a 
modular assembly with separate pieces forming elon- 
gate apertures or nozzles witii a gap not exceeding the 
plasma sheath thictaiess. the separate pieces are pol- 
ished externally so that no surface imperfections can 
contribute to degradation or particle contamination in a 
corrosive gas environment. Moreover, the absence of 
any drilled holes permits the use of any corrosive-resist- 
ant materials including quartz or sapphire as well as 
ceramics, which, in combination with a stainless steel 
gas inlet, provides a gas distribution apparatus virtually 
impervious to attack from corrosive gases. The modular 
design provides drop-in self-aligning assembly for ease 
of manufecture. Despite the small number of nozzles 
compared with conventional gas distribution plates, the 
invention achieves comparable etch rate uniformity and 
design versatility while at the same time providing cyde 
lifetime many times that of conventional gas distribution 
plates. This in tum provides greater throughput by reduc- 
ing frequency of production down-time for replacing con- 
sumable materials. 

While the invention has been described in detail by 
specific reference to preferred embodiments thereof, it 
is understood that variations and modifications thereof 
may be made without departing from the true spirit and 
scope of the invention. 

Claims 

1 . A plasma reactor conrprising : 

a reactor vacuum chamber having a chamber 
housing; 
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a pedestal holding a workpiece to be proc- 
essed: 

means for applying RF energy into said 

chamber; 

gas injection apparatus, comprising: 

a gas supply containing a processing species 

in a gas. 

an opening in said chamber housing, 
a gas feed line from said supply to said open- 
ing in said chamber housing, 

gas distribution apparatus near said opening 
in said chamber housing, sad gas feed apparatus 
having at least one elongate thin slit nozzle facing 
the interior of said chamber. 

2- The reactor of Claim 1 wherein said gas distribution 
apparatus comprises: 

a disk member surrounded by at least one 
annular member with a gap therebetween compris- 
ing said slit nozzle, said disk member and annular 
member dispersing gas ftow from said opening in 
said chamber housing to said slit nozzle. 

3. The reactor of Claim 2 wherein said gas distribution 
apparatus is contained within said opening in said 
chamber housing. 

4. The reactor of Claim 2 wherein said gas distribution 
apparatus is suspended inside said chamber adja- 
cent said opening in said chamber housing. 

5. The reactor of Qaim 2 further comprising an inter- 
mediate annular member surrounding said annular 
member and separated therefrom by a gap therebe- 
tween comprising an Intermediate slit nozzle. 

6. The reactor of Claim 5 further comprising an outer 
annular member surrounding said intermediate 
annular member and separated therefrom by a gap 
therebetween comprising an outer slit nozzle. 

7- The reactor of Claim 2 wherein said disk member 
and said annular member are cylindrical and con- 
centric with one another. 

8. The reactor of Claim 2 wherein said disk member 
and said annular member are each mutually congru- 
ent truncated conical sections. 

9. The reactor of Claim 8 wherein said conical sections 
correspond to a cone whose apex faces toward the 
center of said workpiece, whereby each slit nozzle 
directs gas flowing therethrough toward said center 
of said workpiece. 

10. The reactor of Claim 5 wherein said disk member 
and said annular member are each mutually congru- 
ent truncated conical sections. 



11. The reactor of Claim 10 wherein said conical sec- 
tions correspond to a cone whose apex faces toward 
the center of said workpiece, whereby each slit noz- 
zle directs gas flowing therethrough toward said 

5 center of said workpiece. 

12. The reactor of Claim 2 wherein each of said mem- 
bers of said gas distribution apparatus comprises a 
material at least nearly impervious to attack from 

10 said etchant species. 

13. The reactor of Claim 12 wherein said etchant spe- 
cies comprises at least one of (a) chlorine and (b) 
boron tri-chloride, 

15 

14. The reactor of Claim 12 wherein said material at 
least nearly impervious to attack from said etchant 
species comprises one of: (a) ceramic, (b) quartz. 

(c) sapphire, (d) polyimide. (e) anodized aluminum. 

20 

15. The reactor of Claim 1 further comprising a focus 
ring adjacent said pedestal surrounding a peripheral 
edge of said workpiece. 

25 16. The reactor of Claim 12 wherein said gas feed line 
comprises stainless steel arKi wherein each of said 
members of said gas distribution apparatus com- 
prises one of: (a) ceramic, (b) quartz, (c) sapphire, 

(d) polyimide. (e) anodized aluminum. 

30 

17. The reactor of Claim 2 wherein each of said mem- 
bers has its surface polished prior to assembly of 
said gas distribution apparatus. 

35 18. The reactor of Claim 2 wherein said slit nozzle fol- 
lows a closed circular path. 

1 9. The reactor of Qaim 1 8 wherein said closed circular 
path is segmented so as to reduce gas flow over 

40 selected portions of said workpiece. 

20. The reactor of Claim 2 wherein said silt nozzle fol- 
lows a meandering arcuate path. 

45 21. The reactor of Claim 20 wherein said meandering 
arcuate path is segmented. 

22. The reactor of Claim 1 wherein said chamber hous- 
ing comprises a lid overlying said workpiece and 

50 having a ceiling surface thereof facing said work- 
piece, and wherein said opening through said cham- 
ber housing is in said lid. 

23. The reactor of Claim 1 wherein said gas distribution 
55 apparatus comprises a blocking plate in said cham- 
ber facing said opening through said chamber hous- 
ing and separated from said chamber housing by a 
gap along a peripheral edge of said blocking plate, 
said gap comprising said slot nozzle. 
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24. The reactor of Claim 23 further comprising an annu- 
lar gas reflector surrounding said blocking plate. 

25. The reactor of Claim 24 wherein said gas reflector 
comprises a reflector surface facing and acutely ori- 
ented relative to said bloddng plate. 

26. The reactor of Claim 24 wherein said gas reflector 
comprises a reflector surface facing and obliquely 
oriented relative to said blocking plate. 

27. The reactor of Claim 1 wherein said slit nozzle has 
a diameter generally in the range of 0.5 inches (1 .2 
cm) to 5.0 inches (15 cm). 

28. The reactor of Claim 27 wherein said slit nozzle has 
a diameter in the range of 1 .0 inches (2.5 cm) to 2.0 
inches (5.0 cm). 

29- The reactor of Claim 5 wherein said intermediate slit 
nozzle has a diameter in the range of 3.0 inches (7.5 
cm) to 6.0 inches (15 cm) and said slit nozzle has a 
diameter generally in the range of 0.5 inches (1.2 
cm) to 2.0 inches (5.0 cm). 

30. The reactor of Claim 29 wherein said intermediate 
slit nozzle ard said slit nozzle have diameters gen- 
erally on the order to about 4.0 inches (10 cm) and 
about 1.5 inches (3.7 cm), respectively. 

31 . The reactor of Claim 6 wherein said slit nozzle, said 
intermediate slit nozzle and said outer slit nozzle 
have diameters on the order of about one of: 

(a) 0.3 inch (0.8 cm), 1 .0 inch (2.5 cm) and 1 .25 
inches (3.0 cm), respectively, and 

(b) 4 inches (10 cm), 2.5 inches (6.3 cm) and 1 
inch (2.5 cm). respectively. 

32. A gas injection apparatus for injecting gases into a 
plasma reactor vacuum chamber having a chamber 
housing, a pedestal holding a workpiece to be proc- 
essed, means for applying RF energy into said 
chamber, said gas injection apparatus comprising: 

a gas supply containing an etchant species 
in a gas. 

an opening in said chamber housing, a gas 
feed line from said supply to said opening in said 
chamber housing, 

gas distribution apparatus near said opening 
in said chamber housing, said gas feed apparatus 
having at least one slit nozzle facing the interior of 
said chamber. 

33. The reactor of Claim 32 wherein said gas distribution 
apparatus comprises: 

a disk member surrounded by at least one 
annular meni^er with a gap therebetween compris- 
ing said slit nozzle, said disk member and annular 



member blocking gas flow through said opening in 
said chamber housing. 

34. The reactor of Claim 33 wherein said gas distribution 
5 apparatus is contained within said opening in said 

chamber housing. 

35. The reactor of Claim 33 wherein said gas distribution 
apparatus is si^ended inside said chamber adja- 

10 cent said opening in said chamber housing. 

36. The reactor of Claim 33 further comprising an inter- 
mediate annular member surrounding said annular 
member and s^arated therefrom by a gap therebe- 

15 tween comprising an intermediate slit nozzle. 

37. The reactor of Claim 36 further comprising an outer 
annular moriber surrounding said intermediate 
annular member and separated therefrom by a gap 

20 therebetween comprising an outer slit nozzle. 

38. The reactor of Claim 33 wherein said disk member 
and said annular mennber are cylindrical and con- 
centric with one another. 

25 

39. The reactor of Claim 33 wherein said disk member 
and said annular member are each mutually congru- 
ent truncated conical sections. 

30 40. The reactor of Claim 39 wherein said conical sec- 
tions correspond to a cone whose apex faces toward 
the center of said workpiece, whereby each slit noz- 
zle directs gas flowing therethrough toward said 
center of said workpiece. 

35 

41. The reactor of Claim 36 wherein said disk member 
and said annular member are each mutually congru- 
ent truncated conical sections. 

40 42. The reactor of Claim 41 wherein said conical sec- 
tions correspond to a cone whose apex faces toward 
the center of said workpiece, whereby each slit noz- 
zle directs gas flowing therethrough toward said 
center of said workpiece. 

45 

43. The reactor of Claim 33 wherein each of said mem- 
bers of said gas distribution apparatus comprises a 
material at least nearly impervious to attack from 
said etchant species. 

50 

44. The reactor of Claim 43 wherein said etchant spe- 
cies conrtprises at least one of (a) chlorine and (b) 
boron tri-chloride. 

55 45. The reactor of Claim 43 wherein said material at 
least nearly impervious to attack from said etchant 
species comprises one of: (a) ceramic, (b) quartz, 
(c) sapphire, (d) polyimide. (e) anodized aluminum. 
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46. The reactor of Claim 32 further comprising a focus 
ring adjacent said pedestal surrounding a peripheral 
edge of said workpiece. 

47. The reactor of Claim 43 wherein said gas feed line 
comprises stainless steel and wherein each of said 
members of said gas distribution apparatus com- 
prises one of: (a) ceramic, (b) quartz, (c) sapphire, 
(d) polyimide. (e) anodized aluminum. 

48. The reactor of Claim 32 wherein each of said mem- 
bers has its surface polished prior to assembly of 
said gas distribution apparatus. 

49. The reactor of Claim 32 wherein said slit nozzle fol- 
lows a closed circular path. 

50. The reactor of Claim 49 wherein said closed circular 
path is segmented so as to reduce gas flow over 
selected portions of said workpiece. 

51 . The reactor of Claim 32 wherein said slit nozzle fol- 
lows a meandering arcuate path. 

52. The reactor of Claim 51 wherein said meandering 
arcuate path is segmented. 

53. The reactor of Claim 32 wherein said chamber hous- 
ing comprises a lid overlying said workpiece and 
having a ceiling surface thereof facing said work- 
piece, and wherein said opening through said cham- 
ber housing Is in said lid. 

54. The reactor of Claim 32 wherein said gas distribution 
apparatus comprises a blocking plate in said cham- 
ber facing said opening through said chamber hous- 
ing and separated from said chamber housing by a 
gap along a peripheral edge of said blocking plate, 
said gap connprising said slot nozzle. 

55. The reactor of Claim 54 further comprising an annu- 
lar gas reflector surrounding said blocking plate. 

56. The reactor of Claim 55 wherein said gas reflector 
comprises an acutely oriented reflector surface fac- 
ing said blocking plate. 

57. The reactor of Claim 55 wherein said gas reflector 
comprises an obliquely oriented reflector surface 
facing said blocking plate. 

58. The reactor of Claim 32 wherein said slit nozzle has 
a diameter generally in the range of 0.5 inches (1 .2 
cm) to 6.0 inches (15 cm). 

59. The reactor of Claim 58 wherein said slit nozzle has 
a diameter in the range of 1 .0 inches (2.5 cm) to 2.0 
inches (5.0 cm). 



60. The reactor of Claim 36 wherein said intermediate 
slit nozzle has a diameter In the range of 3.0 inches 
(7.5 cm) to 6.0 inches (15 cm) and said slit nozzle 
has a diameter generally in the rang of 0.5 inches 

5 (1 .2 cm) to 2.0 inches (5.0 cm). 

61. The reactor of Claim 60 wherein said intermediate 
slit nozzle and said slit nozzle have diameters gen- 
erally on the order to about 4.0 inches (10 cm) and 

10 about 1 .5 inches (3.7 cm), respectively. 

62. The reactor of Claim 37 wherein said slit nozzle, said 
intermediate slit nozzle and said outer slit nozzle 
have diameters on the order of about one of: 

15 

(a) 0.3 inch (0.8 cm). 1 .0 inch (2.5 cm) and 1 .25 
inches (3.0 cm), respectively, and 

(b) 4 inches (10 cm). 2.5 inches (6.3 cm) and 1 
inch (2.5 cm), respectively. 

20 

63. The reactor of Claim 33 wherein said reactor com- 
prises a lid having a bottom surface facing and 
enclosing said reactor vacuum chamber, and 
wherein said disk member and said annular member 

25 are both contained within an opening in said lid and 
have respective bottom surfaces coi3lanar with the 
bottom surface of said lid. 

64. The reactor of Claim 36 wherein said reactor com- 
30 prises a lid having a bottom surface facing and 

enclosing said reactor vacuum chamber, and 
wherein said disk member, said annular member 
and said intermediate annular member are con- 
tained within an opening in said lid and have respec- 
35 five bottom surfaces co-planar with the bottom 
surface of said lid. 

65. The reactor of Claim 37 wherein said reactor com- 
prises a lid having a bottom surface lacing and 

40 enclosing said reactor vacuum chamber, and 
wherein said disk member, said annular member, 
said intermediate annular member and said outer 
annular member are contained within an opening in 
said lid and have respective bottom surfaces co-pla- 

45 nar with the bottom surface of said lid. 

66. A reactor chamber for use with a source of process 
gas, comprising: 

a pedestal adapted to mount a workpiece to 
50 be processed; 

an applicator for coupling RF energy into the 
chamber: 

a gas injection device including at least one 
solid central element adjacent and across the outlet 
55 of said channel, said element being closely spaced 
to adjacent chamber interior elements to define one 
or more slit passageways centered about a central 
axis coinciding with that of said channel, and so that 
said slit passageways may be oriented to direct the 
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process gas into said chamber interior one of (a) 
generally perpendicularly of said pedestal, (b) 
angled inwardly and (c) angled outwardly of said 
central axis. 

67. The chancer of Claim 66. further including a focus 
ring mounted upon said pedestal and adapted to 
surround a workpiece to be processed and to extend 
above the position of said workpiece in a manner 
related to injection device diameter, whereby to 
improve process uniformity across said workpiece. 

68. The plasma reactor of Claim 66, wherein said gas 
injection device further includes at least one annular 
ring positioned concentrically with said central ele- 
ment and dosely spaced thereto to define said slit 
passageways. 

69. The plasma reactor of Claim 65 wherein said gas 
injection device comprises an insulating material, 
and said adjacent wall of said chamber comprises a 
conductive material. 

70. The plasma reactor of Claim 66 wherein said gas 
injection device is recessed within the upper wall of 
said chamber. 

71. The plasma reactor of Claim 70 wherein said gas 
injection device further includes at least one annular 
ring concentrically mounted with said central ele- 
ment and closely spaced thereto to define at least 
one slit passageway therebetween. 

72. The plasma reactor of Claim 71 wherein said central 
element is a disk whose diameter is at least an order 
of magnitude larger than the diameter of said chan- 
nel. 

73. The plasma reactor of Claim 71 wherein said central 
element is a cylindrical element whose diameter is 
greater than but of the same order of magnitude as 
the diameter of said channel. 

74. The plasma reactor of Claim 70 wherein said gas 
injection device comprises an insulating material 
which is generally non-reactive in the plasma envi- 
ronment of the chamber interior. 

75. The plasma reactor of Claim 66 wherein said slit 
passageway is a continuous slit. 

76. The plasma reactor of Claim 75 wherein said slit 
passage way comprises an array of discrete slits. 

77. The plasma reactor of Claim 76 wherein said array 
of discrete slits is symmetrically disposed relative to 
said central axis. 



78. A plasma reactor for use with a source of process 
gas, comprising: 

a reactor chanr±>er having an interior capable 
of being evacuated, and provided with a channel to 
5 permit communication between a source of process 
gas and the interior of said chamber; 

a pedestal adapted to mount a workpiece to 
be processed; 

an applicator for coupling RF energy into the 
10 interior of said chamber; and 

a gas injection device including at least one 
solid central element adjacent and across the outlet 
of said channel, said element being surrounded by 
at least one annular member having a central Eixis 
15 of symmetry with a gap therebetween to define at 
least one slit passageway directing the gas toward 
said pedestal, said central and annular elements 
otherwise blocking gas flow from said channel into 
said chamber 

20 

79. The reactor of Claim 78 wherein said slit passage- 
way is oriented to direct the process gas into said 
chamber interior in a direction generally perpendic- 
ular of said pedestal. 

25 

80. The reactor of Claim 78 wherein said slit passage- 
way is oriented to direct the process gas into said 
chamber interior in a direction angled inwardly of 
said central axis. 

30 

81. The reactor of Claim 78 wherein said slit passage- 
way is oriented to direct the process gas into said 
chamber interior in a direction angled outwardly of 
said central axis. 

35 
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(54) Plasma reactor 

(57) The disclosure relates to a gas injection appa- 
ratus for injecting gases into a plasma reactor vacuum 
chamber having a chamber housing (10). a pedestal 
holding a workpiece to be processed, means for applying 
RF energy into the chamber, the gas injection apparatus 
having a gas supply containing an etchant species in a 
gas, an opening in the chamber housing, a gas feed line 
(15). from the supply to the opening in the chamber hous- 
ing, and gas distribution apparatus near the opening in 
the chamber housing, the gas feed apparatus having at 
least one slit nozzle (25) facing the interior of the cham- 
ber. In a preferred embodiment, the gas distribution 
apparatus includes a disk member (20a) sun-ounded by 



at least one annular member (35a) with a gap (25) ther- 
ebetween comprising the slit nozzle, the disk mennber 
and annular member blocking gas flow through the open- 
ing in the chamber housing. Preferably, each of the mem- 
bers of the gas distribution apparatus comprises a 
material at least nearly impervious to attach from the 
etchant species. In one example, each of the members 
of the gas distribution apparatus comprises one of 
ceramic, quartz, sapphire, polyimide or anodized alumi- 
num and the gas feed line comprises stainless steel. 
Preferably, each of the members has its surface polished 
prior to assembly of the gas distribution apparatus. 
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